Resume -Plusieurs types de joints de grains a faible desorientation lies a l'anisotropie de la dissolution carieuse des cristaux d'email dentaire humains ont et6 observes par microscopie Blectronique a haute r6solution (HREM).
Abstract -Several types of low angle grain boundaries linked to the anisotropy of the carious dissolution of human dental enamel crystals have been observed by HREM.
1-INTRODUCTION:
Human dental enamel is composed of 96% by weight of an inorganic phase which is mainly composed of poorly crystalline carbonated hydroxyapatite crystals (chemical formula: Calo(P04)e(OH)z, space group: P6=/m) /l/. These crystals show strong differences with hydroxyapatite crystals synthetized in the laboratory: 1) Tooth enamel crystals possess a flat hexagonal prismatic morphology which differs from the dipyramidal hexagonal morphology of mineral hydroxyapatite crystals /2/. The average dimensions of enamel crystals are: width (W) S 89 nm, thickness S 50 nm and length S 150 nm. The difference in morphology between biological and mineral apatite crystals is indicative of different growth processes between the two minerals / 3 / .
2) A relatively large concentration of (Coal2-ions are incorporated into the enamel crystals. Two types of substitutions can be observed: a) these ions can either substitute two (OH)-ions, or b) the substitution of one (PO4I3-ion is accompanied by the simultaneous loss of one CaZ+ and one (OH)-ions. The largest proportion of carbonate is incorporated inside the bulk of the crystals and not on their. surface. Substitution of hydroxyl ions by carbonate ions cannot be obtained in the laboratory at experimental conditions compatible with life.
3) During the carious dissolution process, all enamel crystals are first attacked on their basal planes.-Qn each of these faces a central hexagonal lesion elongated along 121101 is observed (Fig. 1) . We have already identified three distinct types of crystal disorder which may act as dissolution sites /8/: a) regions of lattice buckling with departure from hexagonal symmetry, b) dislocations, and C) grain and twin boundaries. From the observations of these defects, we have been able to suggest two distinct growth mechanisms for enamel crystals: a) the low angle grain boundary is the nucleating site of the crystal, After nucleation, the crystal grows parallel to the [00011, [21101 and [lT00] directions until it gains its final shape, dislocations being formed during nucleation, 2) two crystals are nucleated nearly adjacent and slightly tilted with respect to each other, the crystals fuse during growth forming a low angle grain boundary. Once the interface is formed the whole crystal grows outwards and so achieves its final shape. 
2-EXPERIMENTAL:
Carious human enamel was obtained from proximal white spot lesions of a molar tooth. The incipient carious lesion was dissected into small blocks and fixed for 3 hr in a 2% glutaraldehyde paraformaldehyde solution in a 0.1 M cacodylate buffer at pH 7.4. After 1 h post fixation using a 2% osmic acid solution in the above mentioned buffer, the fragments were embedded in Epon 812. Non decalcified 20-38 nm thick sections were obtained with a SorvallPorter microtome equipped with a diamond knife. The specimens were examined in a JEOL 4000EX (CS = 1.0 mm, delta = 8 nm) and a Philips EM430ST electron microscopes (CS = 1.1 mm, delta = 6 nm).
3-OBSERVATION OF A LOW ANGLE TWIST BOUNDARY IN A TOOTH ENAMEL
In this present paper, we present a low angle twist bougdgry consisting of two crystals oriented respectively along the l24231 and [l2111 directions and joined by (1010) planes rotated with respect to each other by an angle of 6.4' (Fig. 2) . Several observations can be made from these images: 1) No amorphous layer is observed at the boun--dary.
2) Sites of optimum matching can be observed at a distance of approximately 30 nm along the boundary (see arrows) in the part of s u o t~z~a~~a~ aq? JO Fig. 4d and e, b) optical diffractograms corresponding to both directions are observed in Fig. 4c and 4b . This second observation is rather surprising since the part of crystal probed by the laser beam in the diffractogram in Fig. 4c and 4d does not seem to suffer any distortions. The crystal observed must also contain a wedge of crystal oriented along the L24231 penetrating inside the crystal oriented along [1211] , in this region the part of crystal oriented along [2423] must be sufficiently thin for its contribution not to be observed in the image but thick enough for these contributions to be detected by the averaging procedure carried out by the optical diffraction process. 
CONCLUSION:
In the present paper, we have been able for the first time to show a low angle twist boundary inside an human tooth enamel crystal. The observation of such a defect has allowed us to propose a model explaining the very initial dissolution mechanisms of these crystals during the carious process. The presence of a grain boundary inside human tooth enamel crystals is of a prime importance for the chemical properties of these crystals, since the very principle of the twinning and grain boundary operations is the creation at or near the boundary of atomic polyhedra different from the ones of the bulk structure /11/. Hence. it is quite probable that the the interface itself not only favours the dissolution of enamel crystals but also the segregation of foreign atoms on its surface. Furthermore, it is quite likely that such the tensile strain field that we have shown facilitates the substitution of interstitial atoms inside enamel crystals /12/, which phenomenon is of a considerable interest for the physiological properties of this tissue. 
